The demand for electricity produced from renewable sources, such as wind and solar has considerably increased in the past decade, largely owing to the need for clean energy with no environmental impact and carbon sequestration. The energy generated from intermittent sources: wind and solar is dependent upon various climatic and geographical conditions, serves as the driving force for storing energy on grid in suitable energy packing systems to be utilized at peak hours. Consequently, the capacity to store vast amounts of energy is rising. Flow batteries have gained significant importance during the recent years owing to the performance and ability to store vast amounts of energy. This paper reviews popular types of flow batteries, current trends, and future measures to optimize the performance for long-term durability of these flow based energy storage devices.
I. INTRODUCTION AND OVERVIEW
The technology for intelligent grid operations and storage of excess and intermittent energy produced from renewables is ripe for transformation. A fifty-year period has witnessed transitions in technology in the past; currently the world is heading towards a major revolution, whereas harnessing sustainable clean energy sources, such as wind, solar and issues related to carbon sequestration, global warming, and climatic changes are a top priority.
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As the world looks towards more clean energy technologies, renewable sources are of great importance to reduce the detrimental environmental impact by the conventional fossil fuels. The U.S. Energy Information Administration (EIA) estimates today (2014) about 11% of the worlds marketed energy consumed originates from renewable energy sources, such as biogas, geothermal, solar, wind, and hydropower with expected increases of approximately 15% by 2040. In addition, the EIA also estimates about 21% of electricity produced was possibly from renewables and will likely increase to 25% in 2040. 3 The gap between energy produced and consumed from variable sources on grid is high and utilization of renewable energy sources to the maximum possible extent is highly encouraged. Hence, the motivation towards storing excess energy in various storage systems is of high interest.
Issues, such as renewable energy penetration, resource scarcity, grid stability, and changing regulatory formula have driven the search for alternative sources of energy storage. Consequently, as the technology advances, the slice of electricity produced and consumed from renewables is increasing and electricity produced from these sources being intermittent. It is of growing importance to store the vast amount of clean energy on the grid in suitable energy package systems.
II. ENERGY STORAGE OPTIONS
Fundamentally, the drive is to store excess energy generated during off-peak hours or from variable sources in any physical form to be-used during demand periods. Forms of energy, such as potential, kinetic, electricity, and chemical are available, whereas the advanced technology to exploit these energy storage forms necessitates consideration. Energy storage is defined by a specific requirement, such as storage for electricity, grid energy storage, renewable storage systems, and energy storage in chemical fluids also needs attention fluids; also requiring attention based on requirements and energy storage methods that methods that have been developed.
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Figure 2 shows various energy storage options available. The plot reports discharged times (at rated power) compared to the energy storage size, while Pumped Hydro and Compressed Air and Energy Storage (CAES) show very high discharge times with capacity followed by electrochemical storage systems such as flow batteries, Advanced lead-acid battery show a great potential to serve as back up for the grid power once the capacity could be increased to GW scale storage with research and technological advancements. 
III ELECTROCHEMICAL STORAGE SYSTEMS

A. Storing Energy on Grid
One of the main concerns of the 21 st century is the transformation of the grid to integrate the renewable energy sources. However, advancement of energy storage technologies could possibly avoid the transformation largely and investing in potential technologies for grid energy storage could be more sustainable. Storage technologies could address issues, such as operating capabilities, lowering costs, and high reliability which points to a robust grid and resilient electricity delivery along with the emergency preparedness. Figure 3 shows the status of the U.S. or grid energy storage. Reported as of August 2013, 202 energy storage systems were installed for the grid. Further, this illustrates 95% (23.4 GW) a major portion of energy on the grid is stored in pumped-hydro and the remaining 5% (1.2 GW) in the form of batteries, thermal energy storage, compressed air systems, and flywheels. The pumped-hydro storage technology is fully mature and currently used at various sites around the United States. However, this technology is very specific to the geographical location, such as mountains and hilly areas; making pumped-hydro a site-specific storage system.
5 Such is the case with the CEAS, the geographical location matters yet the two storage systems have the potential to enhance the stability of the grid while integrating the intermittent renewable sources.
FIG. 3: Grid Energy Storage in the United States.
6 Figure 4 shows the various energy storage technologies and current stage of maturity. Again, information indicates that Pumped Hydro is quite developed and owing to its limitations, the search for alternatives, such as electrochemical capacitors, flow batteries, and magnetic energy storage systems under demonstration stage are future potential storage technologies.
Electrochemical storage and flywheels currently deployed in demonstration scale are site-independent and targeted for short discharge times about few seconds to about six hours of backup power. Technological advancement in battery technology cutting down material costs will play a major role in harnessing the latent storage potential along with many other benefits. such as being robust and scalable to the requirement of grid operations. 
III. ELECTROCHEMICAL STORAGE SYSTEMS
Systems based on principles of electrochemistry discovered in the late 1700s, about 200 years old now and technology has a high potential for energy storage on grid and for transportation owing to discharge times close to existing requirements of the grids. However, the grid storage capacity is the main concern to address. Electrochemical storage devices, such as batteries and super capacitors play a major role in SLI (starting, lighting, and ignition) of many devices and vehicles from cars, aircraft, toys, and cordless tools to satellites, pacemakers, and computers. Electrochemical processes involve the electron transfer across a potentially different barrier based on Faradays laws and this generates electricity. The chemical reactions take place in an electrochemical cell shown in Figure  5 , commonly known as redox reactions. The cell package contains two electrodes: an anode (loses an e-) and a cathode (gains an e-) along with electro-active species known as an electrolyte. Electrolyte is a medium via electron transfer occurring during the chemical reaction and a change in the oxidation state of the two electrodes.
Electrochemical means of storing energy is customizable to the specific requirements or simply based on the duration of storage. For long-term options, storing high-energy contents outside the cell is ideal in a least expensive and efficient manner; contents will be transferred when energy is needed. In addition, this ensures a long-life of the expensive parts of the cell package which otherwise could be eroded due to active species present in the electrolyte. Considering short-term storage, the rechargeable batteries play a crucial role in many devices, such as mobile phones and laptops. These batteries are expected to deliver power anywhere between a few hours to weeks. In addition, these batteries need replacement more frequently than the corresponding long-term storage considering all the contents are part of the cell package.
IV FLOW BATTERIES FOR GRID-ENERGY STORAGE
FIG. 5: Schematic of an Electrochemical Cell.
IV. FLOW BATTERIES FOR GRID-ENERGY STORAGE
Flow-based electrochemical energy storage systems have many advantages over the solid-state rechargeable batteries. The electroactive species involved in the electron transfer is outside the cell and makes the battery capacity independent of quantity present in the cell package unlike solid-state rechargeable batteries.
6 In addition, the electroactive species outside the cell not only increase the life of the battery, but allow the flow battery capacity to be scaled up independently; this addresses the GW-scale energy storage required for grid power back-up. This drives the importance in flow batteries to be a better solution for long-term energy storage; concerning grid energy storage, this is most likely the best means of storing the intermittent energy from renewables.
Flow battery is a type of rechargeable battery where electricity is generated by the ion exchange process between two electrolytes. The electrochemically active components in the electrolytes circulate against each other to generate a charge and are charge separated by a thin membrane and surrounded by a positive and negative electrode. The construction principle of a flow battery is based on directly converting chemical energy to electricity directly. Flow batteries developed based on this requirement are redox, hybrid, membrane less, semisolid, organic, metal hydride, and nano-network. Vanadium has the ability to exist in different oxidation states (V +2 , V +3 , V +4 and V +5 ) in the solution and, this property makes battery use only one electrochemically active species instead of two. 10 The liquid electrolyte is the most important part of the Vanadium RFB since contents of the cell package are stored, and the performance of the flow battery is dependent of the concentration of the electro-active species in the electrolyte within temperature range stability required for the operation of the electrolyte. concentration. 5 The precipitation of V 2 O 5 powder during battery operation leads to clogging of the battery. However, the research carried out under the Joint Center for Energy Storage Research (JCESR) is addressing these issues with VRFBs.
Generally, the VRBs have an open circuit voltage of 1.4V, however, the D.C. performance characteristics depend upon the size and number of cells. In addition, no issues exist regarding self-discharge since the electrolyte is stored out of the cell package. The life of a VRB system is mainly assessed by calculating the life cycle of the components of the cell package, which is approximately 10 years. The pumps, tanks, and other electronics usually have a longer life along with the electrolyte materials, which do not degrade over time.
Concerning the response to the grid; VRBs have zero to full output within milliseconds and for a shorter duration of power, the electrolyte within the cell package may be sufficient without utilizing electrolyte contained in tanks.
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B. Organic-Inorganic Flow Batteries
The Vanadium RFBs are currently used on small-scale storage applications; their deployment on a large-scale is hindered by the insignificant availability and cost of precious materials involved is once again high. In 2013, researchers at Harvard demonstrated a metal-free organicinorganic flow battery. Unlike conventional RFBs, this battery is based on the aqueous redox chemistry of small organic molecules called Quinones.
? The redox active materials containing no metals can drastically reduce materials cost, in this aspect the most important being the electro-active species. The battery has demonstrated performance similar to the VRBs. The metal-free battery uses a member of earlier stated Quinone family; 9,10 anthraquinone-2,7-disulphonic acid (AQDS) as the charge carrier and the different Quinone structures are shown in Figure 8 . The cell schematic is shown in Figure 9 is in the discharge mode, the solution AQDS is pumped through the negative electrode in sulphuric acid and the Br2 gas is pumped in HBr which is a positive electrode side of the flow system. Carbon electrode acts as both anode and cathode. Researchers reported use of a theoretical approach to understand the E 0 of the Quinone/Hydroquinone couple. Electrochemical studies show that AQDS molecules undergo fast and reversible two-electron two-proton reduction on inexpensive carbon electrodes without the addition of electrocatalyst. An aqueous flow battery involving the Quinone/Hydroquinone couple has achieved a peak power density exceeding 0.6 W/cm 2 and has undergone over 700 deep discharge cycles with over 99.9% capacity retention per cycle. 1. Integrating renewables primarily wind, solar, and improving the existing grid transmission, is the impending energy scenario for the next fifty years. Demand for clean energy to reduce climate changes and carbon sequestration is expanding to increase efficient energy produced form intermittent sources.
2. Concerning energy storage, apart from integrate renewables; this has many other benefits such as managing peak load, grid stabilization, reliability, resiliency, and emergency preparedness. In addition, this gains importance when the demand exceeds production during peak hours of the day and storage could provide a foundation the electricity pricing being more stable.
3. Energy storage methods are extensively studied across the world. Currently, pump-hydro dominates with around 95% storage. However, being site-dependent creates unreliability for grid storage. Electrochemical methods for grid energy storage have gained sight in the past decade, and this field awaits a major transformation to answer delete growing demands for shifting away from fossil fuels towards renewables.
4. Flow batteries could possibly answer the future of energy storage since solid electrode batteries are drained very soon when discharged from full power. In the near future, flow batteries will be favored in the near future for their ability to store large amounts of energy on the grid clean, cheap, and efficient manner. For their capacity to cleanly, cheaply, and efficiently store vast amounts of energy on the grid.
5. Currently, the battery industry is possibly shifting away from the traditional metal-based batteries. The absence of the active metal components and readily available earth-abundant organic molecules known as Quinones will drastically reduce the cost of grid electricity energy storage.
